Psychopathy is a personality disorder characterized by antisocial behavior, lack of remorse and empathy, and impaired decision making. The disproportionate amount of crime committed by psychopaths has severe emotional and economic impacts on society. Here we examine the neural correlates associated with psychopathy to improve early assessment and perhaps inform treatments for this condition. Previous resting-state functional magnetic resonance imaging (fMRI) studies in psychopathy have primarily focused on regions of interest. This study examines wholebrain functional connectivity and its association to psychopathic traits. Psychopathy was hypothesized to be characterized by aberrant functional network connectivity (FNC) in several limbic/ paralimbic networks. Group-independent component and regression analyses were applied to a data set of resting-state fMRI from 985 incarcerated adult males. We identified resting-state networks (RSNs), estimated FNC between RSNs, and tested their association to psychopathy factors and total summary scores (Factor 1, interpersonal/affective; Factor 2, lifestyle/antisocial). Factor 1 scores showed both increased and reduced functional connectivity between RSNs from seven brain domains (sensorimotor, cerebellar, visual, salience, default mode, executive control, and attentional). Consistent with hypotheses, RSNs from the paralimbic system-insula, anterior and posterior cingulate cortex, amygdala, orbital frontal cortex, and superior temporal gyrus-were related to Factor 1 scores. No significant FNC associations were found with Factor 2 and total PCL-R scores. In summary, results suggest that the affective and interpersonal symptoms of psychopathy (Factor 1) are associated with aberrant connectivity in multiple brain networks, including paralimbic regions.
| I N TR ODU C TI ON
Psychopathy is a personality disorder associated with lack of remorse, empathy, poor decision-making, and profound impulsivity (Hare, 2003) .
Psychopathy is known to affect 0.5%-1% of the general population, 20% of incarcerated offenders (Hare, 2003) , and 10%-15% of substance abusers. Incarcerated individuals with psychopathy who are released from prison have higher recidivism rates than nonpsychopathic prisoners (Hemphill, Hare, & Wong, 1998) .
Previous structural and functional MRI findings suggest that psychopathy is related to abnormalities in limbic and paralimbic regions (Anderson & Kiehl, 2012; Ermer, Cope, Nyalakanti, Calhoun, & Kiehl, 2012; Kiehl, 2006) . However, only a few studies have examined whether there are abnormalities in the functional brain connectivity of individuals with psychopathy (Glenn, Han, Yang, Raine, & Schug, 2017; Juarez, Kiehl, & Calhoun, 2013; Kiehl, 2006; Motzkin, Newman, Kiehl, & Koenigs, 2011; Wolf et al., 2015; Yoder, Porges, & Decety, 2015) . One study that used resting state magnetic resonance imaging (rs-fMRI) data and seed regions found a decrease in functional connectivity between the amygdala and the ventromedial prefrontal cortex (vmPFC) in individuals with psychopathy (Motzkin et al., 2011) . The vmPFC is involved in decision-making and moral reasoning, and the amygdala is involved in emotions, survival instincts, and memory. Interactions between these areas are thought to be associated with emotional regulation, stimulus reinforcement, and aggression (Blair, 2008; Davidson, Putnam, & Larson, 2000; Delgado, Nearing, Ledoux, & Phelps, 2008; Milad, Rauch, Pitman, & Quirk, 2006) . Wolf et al. (2015) found reduced integrity of the white matter connecting amygdala with vmPFC in psychopathy. Motzkin and colleagues also found significantly lower levels of functional connectivity between vmPFC and precuneus/posterior cingulate cortex and between vmPFC and amygdala in psychopathy (Motzkin et al., 2011) .
The precuneus and vmPFC are involved in self-processing, self-consciousness, and self-related representations (Buckner, Andrews-Hanna, & Schacter, 2008; Cavanna & Trimble, 2006) . Other studies have reported psychopathy to be associated with dysfunctions of the orbitofrontal-limbic and prefrontal-temporo-parietal-limbic network areas (Del Casale et al., 2015) , and have identified altered functional connectivity between three major cortical networks: the default mode network (DMN), frontal parietal network, and cingulo-opercular network (Philippi et al., 2015) . The latter study used seed based functional connectivity and also found psychopathy scores to be associated with increases or decreases in small regions within distinct patterns of functional connectivity. A study by Poeppl et al. (2017) Emerging cognitive models of psychopathy have suggested that psychopathy-related emotional deficits are promoted by fundamental abnormalities in attention which can impair the integration of emotional information into higher order behavior (Newman, 1998) . This idea has been recently expanded to incorporate network-based functional hypotheses suggesting poor network integration across the brain in psychopathy (Hamilton, Hiatt Racer, & Newman, 2015) . A study based on independent component analysis (ICA), a data-driven approach, found significant associations between psychopathy scores and functional connectivity in three networks including the default mode network, frontoparietal network, and visual network in fMRI data collected during an auditory oddball task (Juarez et al., 2013) . A review on brain imaging research on psychopathy by Umbach et al. (2015) empathizes the need of exploration of other brain regions and circuits besides the amygdala and prefrontal cortex that may give rise to different features of psychopathy.
In this study, we aimed to assess the effect psychopathy has on the whole brain functional connectivity at rest in a large number of incarcerated males. We hypothesized that by analyzing functional connectivity in the whole brain, we could uncover additional brain regions and networks associated with psychopathic traits not explored by seed or region of interest analysis. To investigate whole brain FNC and its association to psychopathy effects, we performed high model order group independent component analysis (Calhoun & Adali, 2012) on a large collection of resting state functional magnetic resonance imaging (rs-fMRI) data from 985 inmates to obtain resting state networks (RSNs) and their time-courses (TCs). Functional network connectivity was estimated as the pairwise correlations among the RSNs TCs. Our results show that psychopathy is associated with both increased and reduced functional connectivity in seven brain domains involving a total of 31 RSNs. Consistent with theory and research, the majority of the identified networks were associated with paralimbic system regions: insula, anterior and posterior cingulate, amygdala, orbital frontal cortex, and superior temporal gyrus (Kiehl, 2006) . Additional networks outside the paralimbic system were also identified as well.
| M ET HOD S

| Participants
Resting-state fMRI data were collected from 985 male prison inmates scanned with the Mind Research Network's 1.5 T mobile scanner.
Inmates were located at one of eight prisons in New Mexico or Wisconsin where we have established research programs. Participants were between the ages of 18 and 63 (average age 5 33.7 years, SD 5 9 years). Participants' demographics and PCL-R scores are shown in Table 1 . Checklist-Revised (PCL-R) (Hare, 1991) . The PCL-R is considered to be the most accepted measure for assessing psychopathy in forensic samples (Kiehl, 2006) . The PCL-R consists of 20 items which are scored on a three-point scale, 0 (does not apply), 1 (applies somewhat), and 2 (definitely applies). It is based on participants' clinical interview and extensive file review conducted by trained Research Assistants. The resulting PCL-R scores range from 0 to 40. Factor analyses of the 20 PCL-R items have revealed two correlated factors. Factor 1 scores correspond to affective/interpersonal characteristics, whereas Factor 2 scores, correspond to impulsive, nomadic lifestyle and early and persistent antisocial behavior (Hare & Neumann, 2010; Harpur, Hare, & Hakstian, 1989) . The PCL-R scores for this group ranged from 3.2 to 40 (mean 22.2, SD 6.5); 173 inmates were above the traditional clinical cutoff of 30 to be classified as psychopathic. PCL-R, Factor 1 and Factor 2 scores were treated as continuous variables and correlated to the rs-fMRI data. Table 1 contains a breakdown of the demographic characteristics for the participants in this study. The study was approved by the University of New Mexico's Human Research Institutional Review Board (IRB) and all participants provided written informed consent. Participants were paid at a rate commensurate with institution compensation for work assignments at their facility.
| Imaging parameters
Resting-state functional magnetic resonance images were collected on prison grounds using a mobile Siemens 1. Compliance with instructions was monitored by eye tracking.
| EPI preprocessing
Data were preprocessed using statistical parametric mapping (Friston et al., 1994) (http://www.fil.ion.ucl.ac.uk/spm) including slice-timing correction, realignment, co-registration, and spatial normalization, and then transformed to the Montreal Neurological Institute standard space at a resolution of a 3 3 3 3 3 mm 3 . Despiking consisted of the orthogonalization with respect to spike regressors. Each spike is represented by an independent regressor valued at one at the spike time point and zero everywhere else. The DVARS method (Power, Barnes, Snyder, Schlaggar, & Petersen, 2012 ) was used to find spike regressors where the root mean square exceeded three standard deviations. Timecourses were also orthogonalized with respect to the following: (a) linear, quadratic, and cubic trends; (b) the six realignment parameters; (c) realignment parameters derivatives; and (d) spike regressors. A full width half maximum Gaussian kernel of 6 mm was then used for spatial smoothing. Framewise displacement (FD) was used to asses for motion quality control, as we did not have participants with FD above 3 mm for more than 10% of their total volume; no participants were removed due to severe motion.
| Independent component analysis
We applied group independent component analysis (GICA) on the preprocessed data using the GIFT toolbox (http://mialab.mrn.org/software/gift) (Calhoun, Adali, Pearlson, & Pekar, 2001) . The rs-fMRI data was compressed using two stages of principal component analysis (PCA) (Rachakonda, Silva, Liu, & Calhoun, 2016) . For the first data reduction, we retained T 5 100 principal components (PCs). Based on previously published work , we chose to retain C 5 75 independent components for group data reduction . Individual specific spatial maps and their time-courses were obtained using GICA. Out of the 75 ICs that were estimated, 55 components were identified as components of RSNs by evaluating the high to low frequency power in the spectra of components, and whether peak activations took place in gray matter Meda et al., 2008; Robinson et al., 2009 ). The other 20 components were excluded as they appeared to be related to motion artifacts or the spatial maps including white matter, the ventricular system, or cerebral spinal fluid, or had irregular time course spectra power 
| Statistical analyses
We performed regression analysis using four models (primary models 1 and 2, and two secondary models 3 and 4) for main effects of psychopathy to identify associations between individual FNC values and Psychopathy measures: PCL-R, Factor 1, and Factor 2. The models were corrected for "nuisance" covariates (age, IQ, rotation, and translation).
For each participant, the translation and rotation parameters were computed as the mean of the sums of the absolute translation and rotation frame displacements. The main effects included in each of the four models were as follows: PCL-R total score (model 1); both Factor 1 and Factor 2 (model 2); just Factor 1 (model 3); and just Factor 2 (model 4). The significance of the univariate psychopathy results for each model was determined using a false discovery rate (FDR) (Genovese, Lazar, & Nichols, 2002 ) threshold at p < .05. Three participants were remove from the regression analysis for no having PCL-R scores, their psychopathy scores were assessed with the PCL youth version. Figure 1 shows the spatial maps of the 55 selected RSNs; the functional connectivity between these RSNs are represented in Figure 2 . 
| RE S U L TS
| 2627
The 55 RSNs listed in Table 2 
| D ISC USSION
One of the most prominent neurobiological models of psychopathy focuses on dysfunctions in amygdala and ventromedial prefrontal cortex (vmPFC) (Anderson & Kiehl, 2012; Blair, 2006; Korponay et al., 2017) . Imaging studies have been providing evidence for amygdala and prefrontal deficits in psychopathy (Blair, 2008; Kiehl et al., 2001; Koenigs, 2012; Motzkin et al., 2011; M€ uller et al., 2003; Philippi et al., 2015; Umbach et al., 2015; Yoder et al., 2015) . The amygdala is important for the processing of emotionally salient information including threatening emotions and fear (Davis & Whalen, 2001 including the insula, amygdala and cingulate cortex has been proposed extending the amygdala-centered model to other brain areas (Anderson & Kiehl, 2012; Kiehl, 2006 with a diminished fear response (Lykken, 1957) which could affect moral behavior and decision making. However, instead of aberrant connectivity between amygdala and frontal brain areas that process risk, decision making, and control, our data points to a stronger reduction in connectivity between amygdala and cuneus (ICs 75 and 27; see Table   3 ). A closer look at the specific coordinates of the cuneus (IC27) using neurosynth (neurosynth.org) indicates that this component was linked to the default mode network (z-score 5.08 and 0.75 posterior probability), a RSN which is associated with self-referential processing. A recent between amygdala and occipital regions that could interfere with this emotion/salience-driven upregulation (Anderson et al., 2017) .
Aberrant functional connectivity in areas, including amygdala, insula, and areas of self-referential functions, such as anterior cingulate cortex and ventromedial prefrontal cortex, is thought to have a strong link to the lack of empathy and to the way psychopaths relate themselves to others (Blair, 2006; Decety & Cowell, 2014; Modinos, Ormel, & Aleman, 2009 ) . Self-referential dysfunction is further supported by the decrement in connectivity between insula, DMN, and sensorimotor areas. The insula is an important area of the brain involved in cognitive, affective, and regulatory functions such as interoceptive awareness, empathic processes, emotional responses, and processing of internal and external stimuli (Menon, 2011) . Reciprocal projections between the insula and somatosensory areas, and the cingulate gyrus, have been identified through histochemical and radiographic techniques (Flynn, 1999) . Dysfunctions in these connections may be related to individual problems in feeling and empathy as the insula plays an important role in these behaviors (Singer, Critchley, & Preuschoff, 2009 ). These results are also consistent with cognitive theories of psychopathy that have suggested poor network integration as the source of fundamental psychopathic deficits (Hamilton et al., 2015; Newman, 1998 ). Hamilton's study suggests impairments across salience and DMN networks, which may be etiologically fundamental to the apparent deficits in adequate processing of emotionally salient information in the environment. Similarly, these studies suggest Factor 1 of PCL-R is more closely associated with these deficits than Factor 2.
Our results are also in line with the paralimbic system dysfunction model of psychopathy introduced by (Kiehl, 2006) that includes the ACC, PCC, OFC, insula, amygdala, parahippocampal gyrus, and anterior superior temporal gyrus as neural regions implicated in psychopathy.
Interestingly, in this study, the ACC connectivity goes in the opposite direction (increased connectivity between ACC and left middle occipital gyrus, posterior cingulate cortex, and middle frontal gyrus, Table 3) than the insula and amygdala (decreased connectivity between insula and precentral gyrus, supplementary motor area, and between amygdala and cuneus). A gross interpretation of this effect is a compensation mechanism of increments and decrements in connectivity among different areas of ECN, SAL, and DMN (Menon, 2011; Sridharan, Levitin, & Menon, 2008) . A closer look at evidence from previous studies could clarify the consequences of this compensation. The ACC is a region that has been classically linked to reward and decision making (Kolling, Behrens, Wittmann, & Rushworth, 2016; Ullsperger, Fischer, Nigbur, & Endrass, 2014) , but other recent views suggest that ACC is involved in social behavior as an area that tracks the motivation of others (Apps, Rushworth, & Chang, 2016) . Understanding others motivation might be Furthermore, the dysfunctional pattern observed with respect to the insula is consistent with the anomalies observed in our study. In our data, an imagine-self perspective was not encouraged, and it is plausible that subjects were not engaged in this mode since they were instructed to be free of any specific task. It could be argued that the lack of an imagine-self perspective might have triggered the dysfunctional connectivity state. An imagine others perspective was not necessary to observe the anomalous connectivity of the salience network. In summary, the connectivity dysfunctions in Figure 4 points to a compensation mechanism resulting in an enhanced ability of tracking the motivation of others that facilitates manipulative behavior, due to a hyperconnected ACC, while reduced empathy, thanks to a hypoconnected amygdala and insula. Overall our findings are in alignment with the triple network model of psychopathology (Menon, 2011) which states that aberrant organization and functioning of the ECN, SAL, and DMN are prominent features of several major psychiatric and neurological disorders. In addition, the ECN, SAL, and DMN networks are part of the six types of circuit dysfunction that contribute to the variability in depression and anxiety (Williams, 2017) . Further investigation of connectivity among these networks can provide better understanding of brain disruptions in psychopathy and other psychiatric disorders such as schizophrenia, depression, autism, and anxiety disorders.
| Study limitations
There are a number of limitations to consider in this study. First, because this was a resting-state fMRI study, it is hard to attribute the changes to a specific functional domain. Studies which combine extended rest and task data are needed to address this point (Cetin et al., 2014) . In addition, because this study was limited to a forensic population, it is difficult to determine whether the results would be the same for individuals who score high on psychopathy but were not incarcerated. Finally, this study makes the assumption that connectivity among networks is consistent throughout the 5-min scan duration.
Future work should also focus on time-varying or dynamic connectivity which may provide additional information when considering timedependent FNC (Calhoun, Miller, Pearlson, & Adalı, 2014) .
| CON CL U S I ON
This study adds to the current literature by unrestrictedly examining functional connectivity in the whole brain and analyzing its association to psychopathy traits. Using of the largest forensic neuroimaging sample to date (N 5 985 inmates), group-independent component and statistical analysis, we showed that psychopathy (Factor 1 scores) is associated with both increased and decreased functional connectivity among 31 out of 55 identified RSNs from seven brain domains (sensorimotor, cerebellar, visual, salience, default mode network, executive control, and attentional). Consistent with theory and research, our results are in agreement with many studies which found that anomalies in paralimbic regions (insula, anterior and posterior cingulate cortex, amygdala, superior temporal gyrus, and orbital frontal cortex) are 
